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Abstract
We point out that for a class of ‘new inflation’ models in supergravity the
required initial value of the inflaton field is dynamically set if there is another
inflation (‘pre-inflation’) before the ‘new inflation’. We study the dynamics of
both inflatons by taking a hybrid inflation model for the ‘pre-inflation’ as an
example. We find out that our ‘new inflation’ model provides reheating tem-
peratures TR ≃ 10MeV − 104GeV low enough to avoid the gravitino problem
even in gauge-mediated supersymmetry-breaking models. We also construct a
model where the scale for the ‘new inflation’ is generated by nonperturbative
dynamics of a supersymmetric gauge theory.
1 Introduction
The hypothesis of an exponentially expanding (inflationary) stage in the early uni-
verse is a very attractive idea, since it solves the flatness and the horizon problems [1]
in the standard cosmology. There have been proposed various models to realize the
inflationary epoch in the early universe [2]. Among them the ‘new inflation’ model [3]
is the most interesting in the point that its reheating temperature TR is expected
to be sufficiently low to avoid the overproduction of gravitinos in supergravity [4].
In particular, the gauge-mediated supersymmetry(SUSY)-breaking model [5, 6, 7]
predicts the mass of gravitino m3/2 in a range of 10
2keV – 1GeV[8]. In this case
the upper bounds of the reheating temperature should be TR < 10
2GeV – 106GeV
for m3/2 ≃ 102keV − 1GeV [9].1 This constraint is easily satisfied in a large class of
‘new inflation’ models.
However, the ‘new inflation’ model has a serious drawback. It requires an extreme
fine tuning of the initial condition [2] to have a sufficiently long inflation: the universe
has to have a large region over horizons at the beginning where the inflation field
ϕ is smooth and its average value is very close to a local maximum of the potential
V (ϕ). Since the inflaton potential V (ϕ) should be very flat to satisfy the slow-roll
condition, there is no dynamical reason for the universe to choose such a specific
initial value of the ϕ.
In this paper we point out that if there exists another inflation (‘pre-inflation’)
before the ‘new inflation’, the required initial condition for the ‘new inflaton’ ϕ is
1If m3/2 <∼ 1keV, we have no constraint on the reheating temperature. There have been found
a few models [10, 11] accommodating such a light gravitino, so far.
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dynamically realized owing to supergravity effects.2 To demonstrate our point, we
give an explicit model for both of the ‘new inflation’ and the ‘pre-inflation’. We
also construct a dynamical model which produces the desired potential for ‘new
inflation’.
2 A ‘new inflation’ model
Our model consists of two inflaton potentials: one is for a ‘new inflation’ and the
other for a ‘pre-inflation’. In this section we consider the part of the ‘new inflation’.
We adopt a ‘new inflation’ model proposed recently in Ref. [12], which is based on
an R symmetry in supergravity.
The inflaton superfield φ(x, θ) is assumed to have an R charge 2/(n+1) so that
the following tree-level superpotential is allowed:
W0(φ) = − g
n + 1
φn+1, (1)
where n is a positive integer and g denotes a coupling constant of order one. Here
and hereafter, we set the gravitational scale M ≃ 2.4 × 1018GeV equal to unity
and regard it as a plausible cutoff in supergravity. We further assume that the
continuous U(1)R symmetry is dynamically broken down to a discrete Z2nR at a
scale v generating an effective superpotential [12, 13]:
Weff (φ) = v
2φ− g
n+ 1
φn+1. (2)
2In a large class of ‘new inflation’ models the Hubble parameter is much smaller than the
gravitational scale. Thus, the ‘new inflation’ itself does not give a perfect explanation for why our
universe lived for such a long time. To solve this problem the presence of the ‘pre-inflation’ with
a large Hubble parameter is desirable [2].
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An explicit dynamics to induce this superpotential will be given in section 4.
The R-invariant effective Ka¨hler potential is given by
K(φ) = |φ|2 + k
4
|φ|4 + · · · , (3)
where k is a constant of order one.
The effective potential for a scalar component of the superfield φ(x, θ) in super-
gravity is given by [14]
V = eK(φ)


(
∂K
∂φ∂φ∗
)−1
|DφW |2 − 3|W |2

 , (4)
with
DφW =
∂W
∂φ
+
∂K
∂φ
W, (5)
where φ(x) denotes a scalar component of φ(x, θ). This potential yields a vacuum
〈φ〉 ≃
(
v2
g
) 1
n
, (6)
in which we have a negative energy as
〈V 〉 ≃ −3e〈K〉|〈W 〉|2 ≃ −3
(
n
n + 1
)2
|v|4|〈φ〉|2. (7)
It is a very interesting assumption in Ref. [12] that the negative vacuum energy
(7) is canceled out by a SUSY-breaking effect which gives a positive contribution
Λ4SUSY to the vacuum energy. Namely, we impose
− 3
(
n
n+ 1
)2
|v|4
∣∣∣∣∣v
2
g
∣∣∣∣∣
2
n
+ Λ4SUSY = 0. (8)
In supergravity the gravitino acquires a mass
m3/2 ≃ Λ
2
SUSY√
3
=
(
n
n+ 1
)
|v|2
∣∣∣∣∣v
2
g
∣∣∣∣∣
1
n
. (9)
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The inflaton φ has a mass mφ in the vacuum with
mφ ≃ n|g| 1n |v|2− 2n . (10)
The inflaton φmay decay into the ordinary particles throughR-invariant interactions
with the ordinary light fields ψi in the Ka¨hler potential. In general, we have the
following interactions:
K(φ, ψi) =
∑
ki|φ|2|ψi|2. (11)
With these interactions the reheating temperature is given by (see Ref. [12] for
details)
TR ≃ 0.1n 32 |g|
2
n+1m
3n−1
2(n+1)
3/2 , (12)
for ki ≃ 1. Requiring TR >∼ 10MeV, we get a constraint on m3/2:
m3/2 >∼ n−
n+1
3n−1 |g| 43n−1 10 39(n+1)3n−1 . (13)
For g ≃ 1 and n = 4, we have3
m3/2 >∼ 10−18(≃ 3GeV). (14)
This already seems to exclude the gauge-mediated SUSY-breaking model in the
present scenario. However, if a pair of Higgs doublets H and H¯ in the SUSY
standard model has a suitable U(1)R charge, we may have a Ka¨hler interaction with
K(φ,H, H¯) = hφ∗HH¯ + h.c. (15)
Then we obtain the reheating temperature
TR ≃ 0.1m3/2φ ≃ 0.1n
3
2
(
n+ 1
n
) 3(n−1)
2(n+1) |g| 3(n
2+1)
2n(n+1)m
3(n−1)
2(n+1)
3/2 . (16)
3It has been shown in Ref. [12] that n = 4 is the most plausible case.
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The requirement TR >∼ 10MeV leads to
m3/2 >∼ 3× 10−23(≃ 0.07MeV), (17)
for g ≃ 1 and n = 4. We assume this case in this paper since it accommodates
the light gravitino (m3/2 <∼ 1GeV) predicted in the gauge-mediated SUSY-breaking
model.4
Let us now discuss the inflationary dynamics of our ‘new inflation’ model. We
identify the inflaton field ϕ(x)/
√
2(≥ 0) with the real part of the field φ(x). The
potential for the inflaton is given by
V (ϕ) ≃ v4 − k
2
v4ϕ2 − g
2
n
2
−1
v2ϕn +
g2
2n
ϕ2n, (18)
for ϕ < 〈ϕ〉 = √2〈φ〉. Here, g and v are taken to be positive. Notice that the
k-independent contribution of ϕ2 term in eK |DφW |2 is exactly canceled by that in
−3|W |2 as stressed in Ref. [13, 16].
It has been shown in Ref. [12] that the slow-roll condition for the inflaton is
satisfied for k < 1 and ϕ <∼ ϕf where
ϕf ≃
√
2
(
(1− k)v2
gn(n− 1)
) 1
n−2
. (19)
This provides the value of ϕ at the end of inflation. The Hubble parameter during
the inflation (0 < ϕ <∼ ϕf) is given by
H ≃
√
V√
3
≃ v
2
√
3
. (20)
As shown in Ref. [12], the spectral index ns of the density fluctuations is given
by
ns ≃ 1− 2k. (21)
4As mentioned in the introduction, we do not have any cosmological constraints if
m3/2 <∼ 1keV [15].
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By using the experimental constraint ns >∼ 0.6 [17, 18], we take k <∼ 0.2. Since
there is no symmetry reason to suppress the k term, we assume k >∼ 0.02. With
0.02 <∼ k <∼ 0.2, we obtain the e-fold number N as
N ≃
∫ ϕN
ϕ˜
dϕ
v4
−kv4ϕ +
∫ ϕ˜
ϕf
dϕ
v4
−ng2−n−22 v4ϕn−1
=
1
k
ln
(
ϕ˜
ϕN
)
+
1− nk
(n− 2)k(1− k) , (22)
where
ϕN ≃ ϕ˜e−kN¯ , (23)
ϕ˜ =
√
2
(
kv2
gn
) 1
n−2
, (24)
N¯ = N − 1− nk
(n− 2)k(1− k) . (25)
We use the e-fold number N of the present horizon [2]
N ≃ 66 + ln(H) + 1
3
ln(TR)− 2
3
ln(mϕ)− 2
3
ln(〈ϕ〉)
≃ 50, (26)
to get ϕN ≃ (10−5 − 0.1)v for 0.02 <∼ k <∼ 0.2, g ≃ 1 and n = 4.
The amplitude of primordial density fluctuations δρ/ρ is given by
δρ
ρ
≃ 1
5
√
3pi
V 3/2(ϕN)
|V ′(ϕN)| =
1
5
√
3pi
v2
kϕN
. (27)
From the COBE normalization [18]
V 3/2(ϕN)
|V ′(ϕN)| ≃ 5.3× 10
−4, (28)
We obtain
v ≃ 3.7× 10−4k3/2g−1/2e−kN¯
6
= 1.8× 10−9 − 6.8× 10−7, (29)
m3/2 ≃ 2.7× 10−9k15/4g−3/2e−5kN¯/2
= 0.35MeV − 9.3× 102GeV, (30)
for 0.02 <∼ k <∼ 0.2 and g ≃ 1. Here we have assumed n = 4.
We find that our ‘new inflation’ model can accommodate the gravitino in a large
range of masses m3/2 ≃ 0.3MeV − 1TeV with the reheating temperature TR ≃
40MeV − 2 × 104GeV and ns ≃ 0.6 − 0.96.5 However, we have just assumed the
initial value of ϕ <∼ ϕN ≃ (10−5 − 0.1)v, so far. In the next section we show that
another inflation (‘pre-inflation’) before the ‘new inflation’ naturally sets the initial
value of the ϕ <∼ ϕN through supergravity effects.
3 A ‘pre-inflation’ model
In this section we discuss another inflation before the ‘new inflation’ and show that
the initial value required for the ϕ(x) is dynamically tuned during the ‘pre-inflation’.
We adopt a hybrid inflation model in Ref. [19] as an example of the ‘pre-inflation’.
The hybrid inflation model contains two kinds of superfields: one is S(x, θ) and
the others are Ψ(x, θ) and Ψ¯(x, θ). The model is also based on the U(1)R symmetry.
The superpotential is given by [16, 19]6
W = −µ2S + λSΨ¯Ψ. (31)
5If one imposesm3/2 <∼ 1GeV as suggested from the gauge-mediated SUSY-breaking model [5, 6,
7], one predicts ns <∼ 0.75, which may be tested in future observations on the microwave background
radiation.
6Symmetries of this model are discussed in Ref. [16, 19].
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The R-invariant Ka¨hler potential is given by
K(S,Ψ, Ψ¯) = |S|2 + |Ψ|2 + |Ψ¯|2 − k
′
4
|S|4 + · · · , (32)
where the ellipsis denotes higher-order terms, which we neglect in the present anal-
ysis.
The potential in supergravity is given by
V ≃ |µ2 − λΨ¯Ψ|2 + |λΨS|2 + |λΨ¯S|2 + k′µ4|S|2 + · · · , (33)
where scalar components of the superfields are denoted by the same symbols as the
corresponding superfields. We readily see that if the universe starts with sufficiently
large value of S, the inflation occurs for 0 < k′ < 1 and continues until S ≃ Sc =
µ/
√
λ. The inflaton field σ/
√
2 is identified with the real part of S(x). The potential
is written as
V ≃ |µ2 − λΨ¯Ψ|2 + |λ|
2
2
σ2(|Ψ|2 + |Ψ¯|2) + k
′
2
µ4σ2 + · · · . (34)
The Hubble parameter and e-folding factor N ′ are given by
H ≃ µ
2
√
3
, (35)
N ′ ≃ 1
k′
ln
λσ2i
2µ2
. (36)
The point is that the ‘pre-inflation’ implies a dynamical tuning of the initial con-
dition for the ‘new inflation’ in supergravity. During the ‘pre-inflation’ the inflaton
field ϕ(x) that causes the ‘new inflation’ gets an effective mass µ2 from the eKV
term [20]. Since this effective mass (≃ √3H) is larger than the Hubble parameter
during the ‘pre-inflation’, the ϕ oscillates with its amplitude decreasing as a−3/2
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where a denotes the scale factor. Thus, at the end of the ‘pre-inflation’, the ϕ takes
a value
ϕ ≃ ϕie− 32N ′ , (37)
where ϕi is the value of ϕ at the beginning of the ‘pre-inflation’. We take ϕi ∼ 1.
Requiring ϕ <∼ ϕN , we get
N ′ >∼ 10− 20, (38)
for n = 4, g ≃ 1 and k = 0.02 − 0.2. Eq.(38) suggests σi >∼ (3.8 − 10)µ/
√
λ for
k′ ≃ 0.1, which is consistent with the assumption σi <∼ 1 even for µ ≃ 10−2. 7
However, the above condition is not sufficient since the minimum of the potential
for ϕ deviates from zero through the effect of |DSW |2+ |DφW |2− 3|W |2 term. The
effective potential for ϕ during the ‘pre-inflation’ is written as8
V (ϕ) ≃ 1
2
µ4ϕ2 +
√
2√
λ
v2µ3ϕ + · · · . (39)
This potential has a minimum
ϕmin ≃ −
√
2√
λ
v
(
v
µ
)
. (40)
For a successful ‘new inflation’ this minimum should be less than ϕN . Therefore,
we obtain the constrain on µ as µ >∼ (102 − 106)v for λ ≃ 0.1.
So far, we have seen that if µ >∼ (102 − 106)v and σi >∼ (12 − 32)µ for λ ≃ 0.1
and k′ ≃ 0.1, the inflaton field ϕ for the ‘new inflation’ takes a value consistent with
the initial condition for the ‘new inflation’ at the end of the ‘pre-inflation’.
7As pointed out in Ref. [21], one-loop correction to the potential is sizable if the coupling λ
is large (λ >∼ 4.3k′1/3µ2/3). When the one-loop correction controls the slow-roll dynamics, the
condition N ′ >∼ 10 − 20 leads to σi >∼ (0.5 − 0.7)λ, which is still consistent with σi <∼ 1 as far as
λ <∼ 1.
8For simplicity, we neglect the |φ|2|S|2 term in the Ka¨hler potential.
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We now discuss quantum effects during the ‘pre-inflation’. It is known that in the
de Sitter universe massless fields have quantum fluctuations whose amplitude is given
by H/(2pi). If the fluctuations of the inflaton ϕ was larger than ∼ (10−5− 0.1)v, we
would yet have the initial value problem. Fortunately, since the mass of the ϕ during
the ‘pre-inflation’ is not less than the Hubble parameter, the quantum fluctuations
for ϕ are strongly suppressed [22]. In fact, the quantum fluctuations for ϕ with
wavelength corresponding to the horizon at the beginning of the ‘new inflation’ are
given by δϕ ≃ (H/2pi) exp[−(3/2)(N ′− ln(µ/v))]. Requiring δϕ <∼ (10−5−0.1)v and
using Eq.(36) we obtain a constraint, µ <∼ (4− 9)× 10−2, for k′ ≃ 0.1, λ ≃ 0.1 and
σi <∼ 1. Therefore, the dynamical tuning of the initial value of ϕ discussed in this
section does work even if the Hubble parameter H = µ2/
√
3 is larger than v.
4 A dynamical model generating the potential for
the ‘new inflation’
We have two independent scales v ≃ 10−9−10−6 and 10−3−10−4 <∼ µ <∼ 4×10−2−
9× 10−2 as the scales of the ‘new inflation’ and the ‘pre-inflation’, respectively. We
may identify the scale of the ‘pre-inflation’ with that of grand unification, µ ≃ 10−2,
which may be related to some fundamental physics in supergravity. On the other
hand, it is very natural to consider that the scale of the ‘new inflation’ arises from
nonperturbative dynamics of a SUSY gauge theory, since it is so small compared
with the gravitational scale. In this section we construct a model where the scale
of the ‘new inflation’ has the dynamical origin. We take n = 4 for simplicity. Its
generalization is manifest.
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Our model is based on a SUSY SU(2) gauge theory with four doublet hyperqau-
rks Qαi (α = 1, 2, i = 1, · · · , 4). An effective superpotential [23] which describes the
dynamics of the SU(2) gauge interaction may be given by
Weff = X(PfVij − Λ4) (41)
in terms of gauge-invariant degrees of freedom
Vij ∼ QiQj , (42)
where theX is an additional chiral superfield and Pf denotes the Pfaffian. The global
SU(4) flavor symmetry is spontaneously broken and massless Nambu-Goldstone
fields are produced. To avoid such massless fields, we explicitly break the global
SU(4) down to SP (4) by introducing an antisymmetric singlet superfield Y ij (=
−Y ji) which constitutes 5 of the global SP (4). Then we may have an SP (4)-
invariant superpotential
W = hY ijQiQj . (43)
Together with the superpotential Eq.(41), we have a unique SP (4)-invariant vacuum
〈Q1Q2〉 = 〈Q3Q4〉 = 〈(QQ)〉 = Λ2; (QQ) ≡ 1
2
(Q1Q2 +Q3Q4). (44)
We now introduce a singlet superfield φ(x, θ). We assume the U(1)R charges of
Qi and φ to be 2/5. Then we obtain a U(1)R-invariant superpotential
9
W (Q, φ) = g′(QQ)2φ− g
5
φ5, (45)
where we have imposed a discrete symmetry QQ→ −QQ and φ→ φ. The scale of
the ‘new inflation’ considered in section 2 is given by
v2 = g′Λ4. (46)
9In the limit of g = 0, the SUSY is dynamically broken [24].
11
For v ≃ 10−9 − 10−6 and g′ ≃ 1 we obtain Λ ≃ 10−5 − 10−3(≃ 1013 − 1015GeV).
5 Conclusion
The ‘new inflation’ model is the most attractive one among various inflation mod-
els in the point that it provides a reheating temperature low enough to avoid the
overproduction of gravitinos. However, the ‘new inflation’ requires an extreme fine
tuning of the initial value of the inflaton field ϕ. In this paper we have pointed
out that for a class of ‘new inflation’ models10 the required initial value of the ϕ is
dynamically set if there is another inflation before the ‘new inflation’.
Although we have used a hybrid inflation model for the ‘pre-inflation’ as an
example, our observation is more general. Any inflation that occurs before the ‘new
inflation’ can tune the necessary initial value of the inflaton ϕ (ϕ ≃ 0) for the ‘new
inflation’ through the supergravity effects if the scale of ‘pre-inflation’ is sufficiently
large.
10It may be remarkable that the origin ϕ = 0 is a unique Z2nR-invariant point in the ‘new
inflation’ model in Ref. [12]. A model with a similar symmetry has been recently proposed in
Ref. [25].
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